In an attempt to determine whether low epidermal conductances to water vapor diffusion of senescing leaves were caused by internal changes in guard cells or by factors external to guard cells, stomatal behavior was examined in intact senescing and nonsenescing leaves of Nicotiana glauca (Graham), tree tobacco, grown in the field or in an environmental chamber. Conductances of senescing leaves were 5 to 10% of the maximum conductances of nonsenescing leaves of the same plant, yet guard cell duplexes isolated from epidermal peels of senescing leaves developed full turgor in the light in solutions containing KCI, and sodium cobaltinitrite staining showed that K+ accumulated as turgor developed. Ninety-five per cent of the guard cells isolated from senescing leaves concentrated neutral red and excluded trypan blue. Intercellular leaf CO2 concentrations of senescing and nonsenescing leaves of chamber-grown plants were not significantly different (about 240 microliters per liter), but the potassium contents of adaxial and abaxial epidermes of senescing leaves taken from plants grown in the field were less than half those of nonsenescing leaves. We conclude that guard cells do not undergo the orderly senescence process that characteristically takes place in mesophyll tissue during whole-leaf senescence and that the reduced conductances of senescing leaves are produced by factors external to guard cells.
Leaf senescence may occur as a genetically determined stage of plant development, or it may be induced by a variety of environmental conditions including drought, photoperiod, temperature, or shading. Regardless of how leaf senescence is induced, it is characterized by the orderly, progressive disassembly of mesophyll tissue. In the process, leaf proteins and Chl are catabolized, and the released nitrogen and other inorganic elements are mobilized to juvenile tissues of the plant before leaf death and abscission (17) .
Stomates of senescing leaves generally open significantly less than those of nonsenescing leaves (4, 11, 13, 20) , but there is no evidence that guard cells ever undergo an orderly senescence process like that carried out in mesophyll cells. Guard cells of senescing leaves of Vicia faba are capable of responding to changes in CO2 concentration and to kinetin (21) . Guard cells in epidermal peels from senescing leaves of Gingko biloba (24) and V. faba (21) are capable of developing a certain amount of turgor, but not full turgor, when illuminated in solutions containing KCI. Chloroplasts in guard cells of senescing leaves of G. biloba are green and show typical fluorescence transitions associated with electron transport and photophosphorylation at a time when chloroplasts in mesophyll cells of the same leaf do ' Supported by a grant from the John Stauffer Charitable Trust and by Pepperdine University. not exhibit signs of functionality (24) . As a result, Zeiger and Schwartz (24) have suggested that yellowing leaves retain stomatal control throughout the senescence process.
These studies raise the question of how stomatal movements are controlled in senescing leaves (19) .
Estimation of Stomatal Densities. Stomatal densities ofadaxial and abaxial surfaces of leaves used for conductance measurements were estimated using a modification of the method of Brown and Rosenberg (2) . Leaves were sprayed with Krylon Crystal Clear 1301 acrylic spray coating (Borden, Inc., Columbus, OH), and impressions were lifted from leaf surfaces with Highland brand transparent tape No. 5910 (3M Co., Minneapolis, MN). Six estimates from the adaxial surface and six estimates from the abaxial impressions of the seven senescing and seven nonsenescing leaves were counted microscopically at x 100 using an eyepiece reticle containing 100 small squares and representing 1 mm2 of the surface of the leaf.
Analysis of Viability and Turgor-Producing Capacity of Isolated Guard Cell Duplexes. Methods for isolation of guard cell duplexes and analysis of guard cell viability and turgor buildup have been described (6) . Briefly, epidermal peels from adaxial or abaxial surfaces of senescing or nonsenescing leaves of plants growing in the field were treated with cellulolytic enzymes so that guard cell duplexes (defined as two guard cells joined at the ends) were the only remaining cellular structures. Guard cells were tested for viability with neutral red (9) and trypan blue ( 14) . Only leaves that were completely yellow to the eye were considered -senescent. Absorbances of 80% acetone extracts of such leaves were typically less than 15% of those of nonsenescing leaves when measured at 660 nm. To assess the ability of isolated guard cell duplexes to generate turgor, cleaned peels were subjected to light and dark treatments for 2 h in a solution of salts of Murashige and Skoog medium (12) modified by replacing K+ salts with Na+ salts followed by the addition of KCI to produce concentrations ranging from 0 to 50 mM. At the end of the incubation period, apertures of isolated guard cell duplexes were measured as described previously (6) . All experiments were performed at 23°C in room air. In some experiments, strips were stained for potassium content with sodium cobaltinitrite stain (1). Figure 1 . Epidermal conductances of nonsenescing leaves increased during the morning hours and reached a maximum value at 1100 (Fig. IA) . As leaf temperatures and vapor pressure deficits increased over the course of the afternoon (Fig. 1C) , epidermal conductances of nonsenescing leaves decreased (Fig. 1A) and leaf water potentials approached the turgor loss point of the bulk leaf tissue, determined graphically from pressure-volume curves to be -1.05 ± 0.02 MPa (SE, n = 3). Epidermal conductances of senescing leaves ranged in value between 5 and 10% of the maximum epidermal conductances of the corresponding surfaces of nonsenescing leaves (Fig. IA) during daylight hours. Because the plant was located at the base of a western slope, peak light levels were not reached until 1500 h (data not shown). Transpiration from adaxial surfaces of nonsenescing leaves was lower than from abaxial surfaces, but both peaked at 1500 h (Fig. I B) , coincident with highest light levels, highest leaf temperatures, and vapor pressure deficits (Fig. IC) , and lowest leaf water potentials (Fig.  1A) . Transpiration from adaxial and abaxial surfaces ofsenescing leaves was considerably lower than from the corresponding surfaces of nonsenescing leaves (Fig. 1B) , even though leaf temperatures and vapor pressure deficits of senescing and nonsenescing leaves were nearly identical (Fig. IC) .
The turgor loss point of senescing leaves was determined to be -0.93 ± 0.03 MPa (SE, n = 3). The osmotic potentials of the bulk leaf tissue at saturation were calculated by extrapolation using linear regression of points along a pressure-volume curve to be -0.73 ± 0.01 MPa (SE, n = 3) for senescing leaves and -0.88 ± 0.04 MPa (SE, n = 3) for nonsenescing leaves. Osmotic potentials of the two leaf types were significantly different when tested with a t-ratio test (t = 5.53, P < 0.01).
Stomatal densities (per mm2) were 123 ± 1.4 (SE, n = 42) and 113 ± 1.5 (SE, n = 42) for the abaxial and adaxial surfaces of senescing leaves while the corresponding surfaces of nonsenescing leaves contained 120 ± 1.2 (SE, n = 42) and 112 ± 1.5 (SE, n = 42) stomates.
There were no apparent differences between cleaned epidermal peels of senescing and nonsenescing leaves when examined by light microscopy. Guard cell chloroplasts in cleaned peels from senescing leaves were green and appeared intact. Ninety to 95% of guard cells isolated from both leaf types concentrated neutral red and excluded trypan blue. Duplexes from both adaxial and abaxial surfaces of senescing and nonsenescing leaves became turgid upon illumination in solutions containing KCI. In all cases examined, guard cells accumulated K+ as turgor developed, as judged by sodium cobaltinitrite staining. Photographs of duplexes given light and dark treatments and stained for K+ have been published (6) . Light and dark KCI response curves were virtually identical for cleaned strips from the adaxial surfaces of both types of leaves ( Fig. 2A) , except that dark responses were greater in 40 and 50 mm KCI for senescing than nonsenescing leaf duplexes. The responses of abaxial duplexes from both leaf types were similar but not identical (Fig. 1B) . Maximum apertures achieved by duplexes isolated from abaxial surfaces of senescing leaves and given light treatment were about 90% of those isolated from nonsenescing leaves. However, abaxial du- Potassium is known to be necessary for guard cell turgor production in a number of species (7), and is mobilized during leaf senescence (17) . The saturation osmotic potentials of senescing leaves were significantly less negative, and their K+ contents were significantly lower than those of nonsenescing leaves. Such differences in osmotic potentials have been correlated with mobilization of nutrients from aging leaves (19) , and lowered K+ contents have been suggested as a reason for the failure of stomates of senescing leaves to open ( 18) . Nevertheless, the K+ level of senescing leaves is most likely sufficient to sustain the guard cell turgor necessary to regulate the small amounts of gas exchange between these leaves and the atmosphere, both in nutrient-limited soil (Table II) and in experiments in which plants are supplied with nutrients (10). Jordan et al. (10) showed that when chamber-grown cotton plants were watered with nutrient solutions, the stomatal conductances of leaves from the top to the bottom of plants decreased, but the K+ contents of all but the topmost leaves were identical.
Stomates of both senescing and nonsenescing leaves respond to factors external to guard cells, but it is not clear whether guard cells of senescing leaves have the same sensitivities and responses to those factors as the guard cells of nonsenescing leaves. Nor is it clear whether guard cells of senescing leaves have exactly the same metabolic and physiological properties as those of nonsenescing leaves. To our knowledge, no studies have been published which separate the effects of internal metabolic and physiological changes that accompany guard cell aging from the effects of factors that develop external to guard cells and affect guard cell action as leaves approach senescence. It is clear from our studies and others (4) that gas exchange is regulated in both types of leaves so that their internal leafCO2 concentrations are the same. Whether gas exchange is regulated in senescing leaves for the same reasons that it is carefully controlled in nonsenescing leaves remains to be determined (5, 15) .
